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gap$>G;=Group^{(}$ [ (1 , 2,7, 5, 10, 11) (3,9,6) (4,8), (1,2, 12) (3,7, 11) (4, 5,6) (8,9, 10)] $)$ ; ;
$gap>$ IsPermGroup (G) ; $\#G$ ?
true
$gap>$ MovedPo $i$nt $s(G)$ ; $\#G$
[1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12]
$gap>$ Orbit $(G, 1)$ ;# 1 $G$
[1, 11, 12, 10, 7, 2, 5, 9, 3, 4, 8, 6]
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$gap>$ Orbits (G); $\#G$
$[$ [ 1, 2, 7, 12, 5, 11, 10, 6, 3, 8, 4, 9 1 1
$gap>$ IsTransitive $(G, [1. . 12])$ ; # $($Orbits$=[MovedPoints])7$
true
gap$>$ Gl: $=$Stabilizer (G. 1); ; # 1
gap$>$ Orbits (Gl);
[ [2, 6, 12, 8, 11, 3 ], [4, 7, 101, [5, 9]]
gap$>$ IsTransitive (Gl, [1. . 12]);
$f$ alse
gap$>$ Orbit ( $G,$ $[1,5]$ , OnSets); #
[ [1, 5 ], [2, 10 ], [2, 6 ], [7, 11 ], [8, 12 ], [3, 7 ], [4, 12 ], [3, 11 ],
[1, 9], [5, 9], [6, 10], [4, 8] $]$
$gap>$ Orbit ( $G,$ $[1,5]$ , OnTuples); #
$[[$ 1, $51,$ $[2,10],$ $[2,61,$ $[7,11],$ $[12,8],$ $[7,31,$ $[12,4],$ $[5,1]$ ,
[11, 3 ], [1, 9 ], [5, 9 ], [11, 7 ], [10, 2 ], [6, 2 ], [3, 7 ], [10, 6],
$[$ 6, $101,$ $[3,111,$ $[8,12],$ $[4,12],$ $[9,5],$ $[8,41,$ $[4,81,$ $[9,11 ]$
3
( )
$\{R_{k}\}_{k=1,2,\cdots,d}$ $\{$ 1, 2, $\cdots,$ $n\}$
ASl. $\{R_{t}\}_{t=1,2,\cdots,d}$ $\{$ 1, 2, $\cdots,$ $n\}\cross\{1,2, \cdots, n\}$
AS2. $R_{1}=\{(1,1), (2,2), \cdots, (n, n)\}$
AS3. $R_{t}\cdot=\{(j, i)|(i,j)\in R_{t}\}$
AS4. $(i, k)\in R_{u}$ $Pstu=\#\{j|(i,j)\in R_{s}, (j, k)\in R_{t}\}$
Transitive $\{[i,j]\}$ orbit $R_{0},$ $R_{1}$ , $\cdot\cdot\cdot$ , $R_{d}$
orbit $t$
[ ] 6 $G$ $\{[i,j]\}$ orbit 4 $t=0,1,2,3$
gap$>G:=Wre$at$hPro$duct $($Group $((1,2,3))$ , Group $((1,2)))^{-}(1,2)$ ;
Group $([(1,3,2),$ $(4,5,6)$ , (1, 5) (2, 4) (3, 6) ] $)$
gap$>$ Orbits ( $G$ , Tuples ([1. . 6], 2) , OnTuples);
$[[[$ 1, 1 1, [3, 3 1, [5, 5 ], [2, 2 1, [6, 6 ], [4, 4]],
$[[$ 1, 2 1, $[$ 3, 1 1, [5, 41, [2, 3 1, [6, 5 ], [4, 6]].
[[1, 3], [3, 2], $[$ 5, 6 1, [2, 1], [6, 4], [4, 5] $]_{*}$
$[[$ 1, 41, [3, 4], $[$ 1, 51, [5, 2], [2, 4], [3, 5], [6, 2 1,
[1, 6], [5, 1], [2, 5], [4, 2], [3, 6], [6. 1 ], [5, 3],
[2, 6], [4, 1], [6, 3 1, [4, 3] 1 ]
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$A=(333201$ $333201$ $333021$ $203331$ $023331$ $023331)$
4 Transitive
$gap>$ AllBlocks (G); #MovedPoints block
[[1, 4, 7, 10], [1, 5, 9 ] ]
$gap>$ Orbit $(G,$ $[1,4,7,10]$ , OnSets $)$ ; #
[ [1, 4, 7, 10 ], [2, 5, 8, 11 ], [3, 6, 9, 121 ]
$gap>$ IsPrimitive (G); $\#G$ (block ) ?
$f$ alse
GAP . primitive 2499 (primitive $\Leftrightarrow 1$ ). transitive 30
[4] 30 32 33 34 38
Transitive 30 AHulpke[5] 31
primitive 32 $*|$ J. J. Cannon D. F. Holt[1]
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2 6 WreathProduct 1
$G$ block $G$ 1 block
SubdirectProducts block
1 block $G$ 1 block ( )
gap$>$ Sym: $=f$unct ion (k) return Symmetri cGroup (k) ; end;
function ( k) . . . end
gap$>G;=WreathProduct$ (Sym (4), Sym (3)) ;
$<permutation$ group of size 82944 with 8 generators $>$
gap$>$ (1 $*$ 2 $*$ 3 $*$ 4) $arrow 3*(1*2*3)$ ;
82944
gap$>0:=0rbit$ ( $G,$ $[1$ . $.4]$ , OnSets);
$[$ [1, 2, 3, 4 1, [5, 6, 7, 8 ], [9, 10, 11, 12 1 ]
gap$>$ hom $;=ActionHomomorphism$ ( $G,$ $0$ , OnSets); ;
gap$>D:=Dire$ctProduct (Sym (4), Sym (4), Sym (4)) ; ;
gap$>$ Image $(hom)=Sym(3)$ ; Kernel $(hom)=D$ ;
true
true
gap$>$ SD2: $=Subdire$ ctProducts (Sym (4), Sym (4)) ;
[Group ( $[(1,2,3,4)(5,6,7,S),$ $(1,2)(5,6)$ 1),
Group $([(1_{*}2),$ $(1,3)$ . $(1.3,4)$ . $(5,6)_{*}(6_{*}7).$ $(5,7,8)$ ] $)$ ,
Group $([(1,2)(3,4),$ $(1,4)(2,3),$ $(1,2,3),$ $(5,6)(7,S)$ ,
(5, 7) (6, 8), (5, 6, 7). (3, 4) (7.8) $])$ ,
Group $([$ (1.2) (3.4), (1, 4) (2, 3)$\cdot$ , (5, 6) (7.8). (5.7) (6, 8),
(3.4) (7, 8), (2.4.3) (6.8.7) $])$ $]$
gap$>$ SD3: $=List$ $($ SD2, $u->SubdirectProducts$ ( $u$ . Sym (4)) $)$ ; ;
$gap>$ time;( SD4. SD5 )
9145
gap$>$ List (SD3, Length) ;
[4, 8, 7, 6] # 25
gap$>$ SD3 $:=Conc$atenat $i$ on (SD3) ; ;
gap$>$ List $(SD3,u->PositionProperty(SD3,v->IsConjugate(G,u.v)))$ ;
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[ 1, 2, 3, 4, 2, 6, 7, 8, 7, 10, 8, 2, 3, 7, 15, 16, 16, 18, 3, 4, 8, 16, 23, 4, 25]
( 1 )
gap$>$ Set (last) ;
[1, 2, 3, 4, 6, 7, 8, 10, 15, 16, 18, 23, 25 1
$gap>$ List $(SD3\{last\},u->Is$Subgroup $(D,u))$ ;
[true, true, true, true, true, true, true, true, true, true, true, true, true ]
( ) $G$ MaximalSubgroup
Normalizer( ) transitive
Sym4 primitive $Sym_{3}$ transitive
5 Image $(hom)$ Kernel $(hom)$ SD3
gap$>$ MAX $:={\rm Max}$ imalSubgroupClas $s$Reps (Image (hom)) ;
[Group ( $[(1,2,3)$ ]), Group $([(2,3)$ ]) ]
gap$>$ List (MAX, $u->$ IsTransitive ( $u$ , MovedPoints (Image $(hom)$ )));
[true, $f$ alse]
gap$>$ MAX: $=$Filtered (MAX, $u->$ IsTransitive ($u$ , MovedPoints (Image $(hom)$ )));
[Group ( $[(1,2,3)$ ]) ]
( Image $(hom)$ )
$gap>$ MAX: $=List$ (MAX, $u->$PreImage (hom $u$));( $G$ )
[ $<$permutation group with 11 generators $>$ ]
$gap>$ MAX: $=$Concatenat ion ([G] , MAX) ; ;
( $G$ )
gap$>$ NSD3: $=List$ $($MAX, $v->List$ (SD3, $u->Normalizer(v,u)$ ) $)$ ; ;
gap$>$ List $($NSD3, $u->List(u.v->IsTransitive(v,$ $[1$ . . $12])))$ ;
$[$ [true, false, false, false, . . . .true, false, true],
[true, false, . . . true, false, true] $]$
gap$>$ NSD3: $=List$ (NSD3, $u->Filtered$ (TransPosedMat ( $[u$ , SD3]), $v->IsTransitive(v[1],$ $[1$ . . $12])$ )); ;
$gap>$ NSD3 [1] [3] ; (SubdirectProduct ( $||\ovalbox{\tt\small REJECT}$ ))
$[<permutation$ group of size 82944 with 14 generators $>$ ,
$<$permutation group of size 6912 with 11 generators$>$ ]
gap$>$ List (NSD3, $u->List$ ($u,v->IsTr$ansitive $(v[1],$ $[1$ . . $12])$ ));
[ [true, true, true, true, true, true, true] ,
[true, true, true, true, true, true, true] $]$ ( )
gap$>$ List ([1. . Length (MAX)], $u->List$ (NSD3 $[u],$ $v->$ Image ($hom$ , $v[1])=$Image $(hom$ , MAX $[u]))$ ) ;
[ [true, true, true, true, true, true, true],
[true, true, true, true, true, true, true] $]$ ( OK)
gap$>$ List ([1. . Length (MAX)], $u->List$ (NSD3 $[u],v->$




gap$>$ nhom: $=$NaturalHomomorphiSmByNormaiSubgroup $(Y[1],Y[2])$ ;
[ $(6,8)(9,10)$ , (1, 5, 10, 4, 7, 9, 3, 8, 12, 2, 6, 11) ] $->$
[ $<$ identity$>$ of . . . , $<$ identity$>$ of . . . , $f2^{-}2*f3$ ]
$Y[1]$ $hom_{-}\vee$ SubdirectProduct $Y[2]$




gap$>$ Complementclasses (Image (nhom), Image (nhom, Intersection $(Y[1],D))$ );
[ $<pc$ group with 2 generators$>,<pc$ group with 2 generators $>$ ]
$gap>$ compl: $=List$ $($ last, $u->PreImage$ (nhom, $u$ ) $);$ ( $G$ )
[ $<$permutation group with 13 generators $>$ , $<$permutation group with 13 generators $>$ ]
gap$>Lis\dot{t}$ $($ compl, $u->IsTransitive(u,$ $[1$ . $.12]))$ ;
[true, true ]




gap$>$ List ([1, 2]. $u->RepresentativeAction$ (SyretricGroup (12),
$>$ TransitiveGroup (12, last $[u]$ ), compl $[u]))$ ;
[(2, 5, 6, 10, 4) (3.9, 11, 8, 7), (2.5, 6, 10, 4) (3, 9, 11, 8, 7) ]
gap$>$ List ( $[1_{*}2],u->TransitiveGroup$ (12, last2 $[u]$ ) last $[u]=compl[u]$ ) ;
[true, true 1
6 SubdirectProduct (Kernel )
elementary abelian SubdirectPriduct
elementary abelian group
[5] [1] 16 $2^{16}$
elementary abelian2-group
gap$>$ Gl: $=Stabilizer$ ( $G,$ $0[1]$ , OnSets);
$<permutation$ group of size 27648 with 13 generators $>$
gap$>$ Kl: $=List$ (GeneratorsOfGroup (Gl), $u->RestrictedPerm(u,0[1])$ );
$[$ (). . . . , $0,$ $(3,4)$ , (2, 4, 3), (1, 3) (2, 4), (1, 4) (2, 3) $]$
gap$>K1:=Group(K1)$ ;
Group $([$ (), . . . (3, 4), (2.4, 3), (1 , 3) (2, 4). (1, 4) (2, 3) ] $)$
gap$>$ EAS: $=ElementaryAbelianSeries$ (Kl);
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[Group $([(3,4),$ $(2,3,4),$ $(1,3)(2,4)$ , (1, 4) (2, 3) ] $)$ ,
Group $([(2,3,4),$ $(1,3)(2,4),$ $(1,4)(2,3)$ ] $)$ ,
Group $([(1,3)(2,4),$ $(1,4)(2,3)$ ] $)$ , Group $(())$ $]$
gap$>$ EAS: $=List$ $($ EAS , $u->NormalClosure(G,u))$ ; ;
gap$>$ EAS: $=List$ $($ EAS, $u->Intersection(u,D))$ ; ;
gap$>$ MAXI: $=MAX[1]$ ;
$<permutation$ group of size 82944 with 8 generators $>$
gap$>$ hom2 $:=Nat$uralHomomorphi smByNormalSubgroup (MAX1, EAS [2]) ;
[ $(1,2,3,4)$ , (1, 2), . . . . . . , (1, 5) (2, 6) (3.7) (4, 8) ] $->$
$[ f5, f5, f4, f4, f3, f3, f2, fi*f2 ]$
gap$>$ conj $:=List$ (GeneratorsOfGroup (MAXI), $u->$
$>$ ConjugatorIsomorphism (Image (hom2 , EAS [1]), Image (hom2, $u)$ ) $)$ ;
$[ - f5, \wedge f5, - f4, \wedge f4, - f3, \wedge f3, \wedge f2, -fi*f2]$
gap$>$ INVS $:=I$nvar$i$ antSubgroupsElementaryAbel$imGr$oup (Image (hom2, EAS [1]), $c$onj) ;
[Group $([$ ] $)$ , Group $([f3*f4*f5 ])$ , GrouP $([f3*f5, f4*f5])$ , Group $([f3, f4, f51) ]$
gap$>$ INVS: $=List$ $($ INVS, $u->PreImage$ (hom2, $u$ ) $)$ ;
[ $<$permutation group with 9 generators $>,$ . . . .
. . . ’ $<$permutation group with 12 generators $>$ ]
gap$>$ nhoms: $=List$ (INVS, $u->$
$>$ NaturalHomomorphiSmByNormaiSubgroup (Image (hom2), $u$ ) $)$ ;
[IdentityMapping $($ Group ([fi, $f2,$ $f3,$ $f4,$ $f5]$ ) $)$ ,
$[fl, f2, f3, f4, f5 ]$ $->$ $[fi, f2, f3*f4, f3, f4]$ ,
$[fl, f2, f3, f4, f5 ]->$ $[fi, f2. f3, f3, f3]$ ,
$[ fl, f2, f3, f4, f5]->$ [fl, . . $<$ identity$>$ of. . .] $]$
gap$>$ compls $:=Li$ st (nhoms, $u->$ComPlementclasses (Image (u), Image $(u$ , Image (hom2, EAS [1])))) ;
$[$ [ $<pc$ group with 2 generators$>$ , $<pc$ group with 2 generators$>$ ], . . . . . .
[Group( $[$ fl, $f2$ , . . . . , $<$ identity$>$ of . . . $]$ )] $]$
gap$>$ compls: $=List$ (nhoms, $u->List$ (Complementclasses (
$>$ Image (u) , Image ( $u$ , Image (hom2, EAS [1])) $)$ , $w->Pre$ Image $(u,w)))$ ;
$[$ [ $<pc$ group with 2 generators$>,$ $<pc$ group with 2 generators $>$ ], . . . . . .
[Group ([f3, $f4,$ $f5$ , fl, $f2]$ ) ] $]$
gap$>$ List (last, $u->List$ ($u,v->$ IsSubgroup (Image (hom2), $v$ )));
[ [true, true], [true ], [true, true], [true] ]
$gap>$ compls: $=List$ (nhoms, $u->List$ (Complementclasses (
$>$ Image (u), Image ( $u$ , Image (hom2, EAS [1])) $)$ , $w->Pre{\rm Im}$age (hom2, Pre Image $(u,w)$ ) $))$ ;
[ [ $<permutation$ group with 11 generators $>,$ $<permutation$ group with 11 generators $>$ ],
[ $<permutation$ group with 12 generators $>$ ],
[ $<permutation$ group with 13 generators $>$ , $<$permutation group with 13 generators $>$ ],
[ $<permutation$ group with 14 generators $>$ ] $]$
( )
gap$>$ complsc: $=Concatenation$ (compls); ;
gap$>$ List (complsc, $u->PositionProperty$ (complsc, $v->IsConjugate(G,u.v)$ ));
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[ 1, 2, 3, 4, 5, 6 1
gap$>$ List (complsc,TransitiveIdentification);





transitive $H$ $G$ $H$ 1
SubdirectProduct
22 24 28 1 30 3
GAP transitive
32
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